Detailed breakdown of differences between the reported and true alignment for intact exons. Intact exons are defined as exons with identical splice sites and without any frameshift. "Nearly identical" alignments are alignments that are either identical to the true alignment or differ from the true alignments only in the position of an indel that we allow to be shifted by at most 6 bases up-or downstream. "Splice sites correct" are alignments where both splice sites are correctly aligned and the correct number of frameshifts (0 here) is reported but indel positions are shifted by more than 6 bp or a different number of indels is reported. Detailed breakdown of differences between the reported and true alignment for exons from the "no-frameshift" dataset. This dataset mimics the numerous cases of two nearby compensating frameshifts that we observed in genome alignments. Given that a single frameshift inactivates an exon, an alternative alignment with no frameshifts but a few codon substitutions is more plausible. In this dataset, we introduced two compensating frameshifting indels that are separated by 6 to 12 bp. Since these two close compensating frameshifts result affect only 2 to 4 codons in an otherwise intact exon, we regard them as spurious and an aligner that is aware of the reading frame should not report any frameshift. The true alignment is therefore the alignment that does not have any frameshift.
Two spurious frameshifts ("no frameshift") Detailed breakdown of differences between the reported and true alignment for exons that have two real compensating frameshifts. This dataset tests if methods report frameshifts that most likely did occur in evolution. In this dataset, we introduced two compensating frameshifting indels that are separated by a large distance (30 to 45 bp). The true alignment has exactly two frameshifts. Detailed breakdown of differences between the reported and true alignment for exons that have exactly one frameshift. This dataset represents exons that are really inactivated by a frameshift and the true alignment has exactly one frameshift. This dataset also tests if methods avoid frameshifts by any means, which would result in incorrectly inferring exon conservation for exons that are not conserved. Two (A) and three (B) frameshifts compensate each other and restore the original reading frame. Note that the sequence similarity is substantially lower without these frameshifts, strongly suggesting that these frameshifts did happen in evolution. The frameshifted part is shown in blue, the frameshifts are shown in red. (A) The human genome browser shows a 1 bp frameshifting deletion in AUTS2 in mouse, visible in the multiple genome alignment and the pairwise alignment chain. (B) This 1 bp deletion is an assembly error in mouse. In the mouse genome browser, the GENCODE and Ensembl gene annotation show a 2 bp codon, which misses the single base. All four mRNAs that align to this locus have the base that is missing in the reference genome (orange tick mark). The RefSeq gene annotation is not aware of this assembly error and translates AUTS2 in a different reading frame that leads to a premature stop codon at the end of this exon. (C) All seven aligning Sanger sequencing reads from the NCBI trace archive have the missing base. The screenshot shows two aligning reads. 
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Mouse mRNAs from GenBank 18,286,120 18,286,125 18,286,130 18,286,135 18,286,140 18,286,145 18,286,150 18,286,155 18,286,160 18,286,165 18,286,170 18,286,175 18,286,180 18,286,185 18,286,190 18,286,195 18,286, 
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Mouse mRNAs from GenBank (A) The genome alignment of this orthologous mouse exon has a frameshifting 1 bp deletion. Our re-alignment reports a slightly different alignment without the frameshift but with a TA acceptor site. (B) The mouse genome browser show that the splice site has shifted by 30 bp upstream and is relatively weak (AAG) with a short polypyrimidine tract. The long distance and weak splice site explain why CESAR was not able to align this splice site. 
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